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© This invention relates to a fluid pressure genera- 
tion apparatus which can reduce noise and vibration, 
This invention relates to a fluid pressure generation 
apparatus which can reduce noise and vibration, can 
improve durability, and yet has a simple construction 
and high assembling property. Said apparatus com- 
prises a cylinder block (5), provided separately from 
the rotor (3) of a motor (4), a main spindle (6) at the 
center thereof and a plurality of cylinders (15) each 
of which includes a piston (16) slidably fitted thereto. 



A fitting hole (3a) is bored at the center of the rotor 
(3), and the cylinder block (5) is fitted and fixed to 
this fitting hole (3a). The rotor (3) is rotatably sup- 
ported by a stationary member through the cylinder 
block (5) and the main spindle (6). A piston opera- 
tion body (9) having a slope surface (9a), on which a 
shoe (22) held by the head portion (16a) of the 
piston (16) slides, is disposed on one of the sides in 
an axial direction of the cylinder block (5) and a 
valve plate (10) is disposed on the other side. 
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FIELD OF THE INVENTION 

The present invention relates to a fluid pres- 
sure generating device. More specifically, the in- 
vention relates to a fluid pressure generating de- 
vice having a motor and a liquid pump driven by 
the motor both contained within one casing. 

BACKGROUND ART 

In general, a fluid pressure generating device 
comprising a motor and a liquid pump driven by 
the motor is provided in the following construction. 
That is, the liquid pump (hereinafter, referred to as 
a pump) and the motor that drives the pump 
(hereinafter, referred to as a motor) are formed 
independently of each other. Then the output shaft 
of the motor is coupled with the input shaft of the 
pump via a coupling so that driving force of the 
motor is transmitted to the pump (Japanese Utility 
Model Laid-Open Publication No. 61-116192). 

However, when the pump and the motor are 
formed independently of each other as shown 
above, there has been a problem that noise would 
occur at the shaft coupling portion because of 
misalignment between the output shaft and the 
input shaft, in addition to operating noises of the 
pump and the motor themselves, resulting in a 
great noise as a whole. Also, since the pump and 
the motor are directly coupled with each other in 
the axial direction, the resulting axial length would 
become rather long so that the fluid pressure gen- 
erating device as a whole would be large sized to a 
disadvantage. 

Thus, as shown in Japanese Patent Publication 
for opposition No. 46-32900, a fluid pressure gen- 
erating device was proposed which has a motor 
102 and a pump 103 both contained within one 
casing 101, so that noise reduction and device 
downsizing can be implemented. 

In this device, as shown in Fig. 12, a rotor 104 
of the motor 102, which rotor is formed of lami- 
nated steel sheets, is rotatably supported to a main 
shaft 130 secured to the casing 101, via a pair of 
bearings 131, 132. The rotor 104 is provided with a 
plurality of holes 105, to which holes 105 sleeves 
106 are fitted, so that a plurality of cylinders 107 
are formed. Further, pistons 108 are slidably pro- 
vided in those cylinders 107. On the other hand, a 
cylinder port plate 111 having a kidney-shaped 
ports 110 is disposed on axial one side of the rotor 
104. Axial one end of each sleeve 106 is fitted to 
the cylinder port plate 111. A seal member 112 is 
provided between the fitting portion of the cylinder 
port plate 1 1 1 and the outer periphery of a sleeve 
106. By this arrangement, the sleeves 106 and the 
rotor 104 have such a degree of freedom that they 
can move in both the axial and tilt-rotating direction 



relative to the cylinder port plate 111. Outside the 
cylinder port plate 111, a valve plate 116 with a 
suction port (not shown) and a discharge port 115 
is disposed. This valve plate 116 is fixedly pro- 

5 vided to the casing 101. The cylinder port plate 
111 is put into sliding contact with the sliding 
surface of the fixed valve plate 116 so as to be 
rotatable relative to the sliding surface. Meanwhile, 
on axial the other side of the rotor 104, a swash 

io plate 1 22 is provided which has an inclined surface 
on which shoes 121 retaining the head portions of 
the pistons 108 will slide. Further, a pressure plate 
123 is provided so as to be fitted to the sleeves 
106 on axial the other end side of the sleeves 106. 

;5 One end face of this pressure plate 123 is in close 
contact with an end face of the rotor 104. A spheri- 
cal retainer 125 for retaining the shoes 121 is fitted 
to a spherical portion 124 at the front end of the 
pressure plate 123. 

20 The fluid pressure generating device construct- 
ed as described above is in such a coupling struc- 
ture that the fitting portion between the cylinder 
port plate 111 and each sleeve 106 has the degree 
of freedom. Therefore, the cylinder port plate 111 

25 and each sleeve 106 will be caused to move to 
each other in the axial direction by pressure vari- 
ation within each cylinder 107. Also, the number of 
rotations of the motor 102 will vary due to load 
variation of the pump 103. In accompaniment to 

30 this variation, the cylinder port plate 111 and each 
sleeve 106 will be caused to move to each other in 
the rotating direction. By such relative movement in 
both the axial and rotating direction, noise will be 
generated at the fitting portion between the cyl- 

35 inder port plate 111 and each sleeve 106. In addi- 
tion, because of abrasion resulting from the sliding 
movement of both members 111 and 106, expan- 
sion and contraction of the seal member 112 due 
to variation in the internal pressure of the cylinders 

40 107, and other reasons, those members may be 
shortened in life remarkably. 

Internal pressure of the cylinders 107 causes 
the sleeves 106 and the rotor 104 to be pushed 
toward the direction away from the cylinder port 

45 plate 111. Also, a radial pushing force acts on the 
right end side of the rotor 1 04 as viewed in Fig. 1 2 
from the swash plate 122 via the shoes 121 and 
the pistons 108, causing the rotor 104 to tilt. This 
pushing force is due to reaction force of the radial 

so component of a pushing force which receives from 
each piston 108 pushing the swash plate 122. In 
particular, the front end of the pressure plate 123 is 
supported by the main shaft 130, whereas its rear 
end is fitted to the sleeves 106 with a clearance 

55 left. Yet, there is a clearance between the main 
shaft 130 and the rotor 104. Accordingly, the rotor 
104 tilts due to the aforementioned pushing force 
that acts on the fitting portion between the pressure 
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plate 123 and the sleeves 106, the degree of the 
tilt being more than a permissible deflection of the 
main shaft 130. As a result, the rotor 104 will rotate 
while repetitively tilting, so that the gap between 
the rotor 104 and a stator 134 becomes non- 
uniform. This makes the rotation unstable, bringing 
about noise and vibration. Further, since the cyl- 
inders 107 are formed by providing a plurality of 
holes 105 to the rotor 104 that is formed of lami- 
nated steel sheets, each steel sheet constituting 
the rotor 104 needs to be provided with a through 
hole. This would involve troublesome machining 
and assembling work. Moreover, it is necessary to 
provide the sleeves 106 for sealing the cylinders 
107 as well as the cylinder port plate 111 for 
forming the kidney-shaped port 110 and the pres- 
sure plate 123 for supporting both ends of the 
sleeves 106. This would involve an increased num- 
ber of part items and troublesome assembling work 
unfavorably. 

DISCLOSURE OF THE INVENTION 

The object of the present invention is therefore 
to provide a fluid pressure generating device which 
can reduce noise and vibration and improve dura- 
bility, and which is simple in construction and good 
in assemblability. 

To achieve the above object, a fluid pressure 
generating device of the present invention com- 
prises: a casing; a motor contained in the casing 
and provided with a rotor having a fitting hole at its 
center; a cylinder block having a main shaft at its 
center and a plurality of cylinders on its outer 
peripheral portion, wherein pistons are slidably fit- 
ted in said cylinders, each piston having a head 
portion on one side of the cylinders, and the cyl- 
inder block further having kidney-shaped ports on 
the other side of the cylinders opposite to the 
pistons; a piston actuator arranged opposite to the 
head portions and having an inclined surface on 
which the head portions or shoes retained by the 
head portions will slide; and a valve plate which is 
arranged opposite to one end portion of the cyl- 
inder block opposite to the piston side and which 
has a suction port and a discharge port commu- 
nicating with a suction passage and a discharge 
passage, respectively, wherein the cylinder block is 
fixedly fitted to the fitting hole of the rotor and the 
main shaft is supported to a stationary member 
including the casing so that the rotor is rotatably 
supported to the stationary member via the cyl- 
inder block and the main shaft. 

According to the above arrangement, the cyl- 
inder block is formed independently of the rotor of 
the motor, and fixedly fitted to the fitting hole of the 
rotor. Further, the main shaft provided to the cyl- 
inder block is supported to the stationary member, 



while the rotor is rotatably supported to the station- 
ary member via the cylinder block and the main 
shaft. Thus, the fluid pressure generating device 
can be downsized effectively and improved in its 

5 assemblability. Also, since the needs for the 
sleeves and the cylinder port plate, which are ne- 
cessitated in a prior art, can be eliminated, there 
will occur no noise or vibration due to relative 
movement of the two members so that the device 

10 durability is improved. Besides, pump elements to 
be built up on the basis of the cylinder block can 
be formed as a structure performing an optimum 
pump function without being restricted by the mo- 
tor construction, while the motor also can be in its 

/5 optimum construction for its function. Yet, the bear- 
ings for supporting the rotor can be used also as 
the bearing structure for supporting the cylinder 
block, so that its construction can be simplified and 
accuracy of the device can also be improved. Fur- 

20 ther, since the axial center of the rotor is supported 
by the block, the gap between the rotor and the 
stator will not vary even if the rotor undergoes 
magnetic attracting force, so that the rotor is im- 
proved in stability of its rotation with reduced noise. 

25 Preferably, the fluid pressure generating device 
has the following arrangement. That is, the cylinder 
block and the main shaft, formed of different mem- 
bers, are coupled with each other so as to be 
movable relatively to each other in the axial direc- 

30 tion via a sliding bearing. The shoes retained by 
the head portions of the pistons are provided with a 
retainer. The main shaft is provided with an engag- 
ing portion for engagement with the retainer in 
relatively rotatable manner. Between the cylinder 

35 block and the main shaft, an elastic member is 
provided for pressing the cylinder block against the 
valve plate and pressing the shoes against the 
inclined surface of the piston actuator via the main 
shaft and the retainer. 

40 With the above arrangement, it is possible to 
make uniform the pressing force that presses the 
cylinder block against the valve plate and so does 
the shoes against the inclined surface of the piston 
actuator. Also, durability can be improved, com- 

45 pared with the arrangement that a spring is inter- 
nally provided to each cylinder for pressing. Yet, 
since the cylinder block and the main shaft are 
coupled so as to be movable each other, providing 
only one elastic member allows formation of the 

50 pressing structure that the cylinder block is 
pressed against the valve plate and the shoes are 
against the piston actuator, hence a simplified con- 
struction. 

It is also preferable to arrange the fluid pres- 
55 sure generating device as follows. The cylinder 
block is supported by the main shaft of a member 
other than the cylinder block. A position where the 
cylinder block is supported by shaft is on the 
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piston actuator side further closer thereto than the 
cylinder opening end face of the cylinder block on 
the piston actuator side. Meanwhile, a cylindrical 
portion protruding on the piston actuator side even 
closer thereto than the aforementioned opening 
end face is provided to the cylinder block, the 
cylindrical portion being supported by the main 
shaft. 

With the above arrangement, a radial compo- 
nent of the force that acts on the pistons from the 
inclined surface as a reaction force of the pressing 
force with which the pistons press the inclined 
surface of the piston actuator via the shoes is 
received at the supporting position via the cylin- 
drical portion. Thus, the cylinder block and more- 
over the rotor can effectively be prevented from 
tiltedly rotating, so that the gap between stator and 
rotor of the motor is made uniform. As a result, the 
rotation of the motor becomes stable, so that noise 
and vibration can be reduced. Further, there will 
occur no clearance to the sliding surface between 
the cylinder block and the valve plate, so that no 
leak will occur. As a result, capacity efficiency will 
never lower, and wear that may occur due to local 
contacts can also be avoided. 

Further, it is desirable that the valve plate side 
end surface of the cylinder block is protruded out- 
side the opening end face of the fitting hole of the 
rotor. 

With the above arrangement, the portion of the 
cylinder block that protrudes from the fitting hole of 
the rotor can be made larger in diameter than the 
fitting hole, and accordingly the valve plate also 
can be made larger in diameter. Such enlargement 
in sliding area helps prevent the cylinder block 
from tiltedly rotating and from any leak. 

Still further, it is preferable that the cylinder 
block comprises a piston stroke portion having a 
plurality of cylinders internally provided with a pis- 
ton, and an extended portion extended axially with 
respect to the piston stroke portion and having a 
passage communicating with the cylinders, wherein 
the cylinder block is press secured to the fitting 
hole of the rotor only at the aforementioned ex- 
tended portion. 

With such an arrangement, while the rotor and 
the cylinder block can be easily fitted and secured, 
this piston stroke portion can be suppressed from 
any fitting distortion and prevented from any per- 
formance reduction. 

Also, it is preferable that the aforementioned 
piston actuator is provided in the form of a swash 
plate having a trunnion shaft or cradle type swash 
plate, with its inclination angle variable. 

With such an arrangement, the fluid pressure 
generating device can be downsized while the 
pump can also be controlled in capacity, so that a 
capacity-controllable, small-size fluid pressure gen- 



erating device can be provided. 

Another arrangement as described below is 
also preferable. The cylinder block and the main 
shaft are fixedly fitted to each other and the main 

5 shaft is rotatably supported to a stationary mem- 
ber. The shoes retained by the head portions of the 
pistons have a retainer, while the main shaft is 
provided with an engaging portion for engagement 
with the retainer so as to be rotatable relative to the 

10 retainer, in such a manner that the engaging por- 
tion is axially movable. The cylinder block is pro- 
vided with a plurality of pushing pins extending 
toward the engaging portion. An elastic member for 
pressing the cylinder block against the valve plate 

75 and also pressing pushing pins so that the shoes 
are pressed against the inclined surface of the 
piston actuator is provided between the cylinder 
block and the pushing pins. 

In this way, with the main shaft and the cyl- 

20 inder block fixedly fitted to each other, the clear- 
ance of the sliding portion is no longer needed, 
compared with the arrangement that the main shaft 
and the cylinder block are movable relative to each 
other in the axial direction via the aforementioned 

25 sliding bearing. Instead, only the clearance of the 
bearings for supporting the main shaft is required 
so that the tilt of the cylinder block and moreover 
that of the rotor can be minimized, with its preci- 
sion improved. 

30 Still another arrangement is also preferable. 
That is, the cylinder block and the main shaft are 
formed integrally with each other and the main 
shaft is rotatably supported to a stationary mem- 
ber. Further, between the cylinder block and the 

35 pistons, an elastic member is provided for pressing 
the cylinder block against the valve plate and 
pressing the head portions of the pistons or the 
shoes retained by the head portions against the 
inclined surface of the piston actuator. 

40 In this way, with the main shaft formed integ- 
- rally with the cylinder block, not only the number of 
part items can be reduced but also high precision 
can be expected, compared with the case in which 
the main shaft is coupled with the cylinder block as 

45 a separate member. 

Further, it is also preferable that the main shaft 
and the cylinder block are fixedly fitted to each 
other, the main shaft is rotatably supported to the 
stationary member, and that a protruding shaft is 

50 provided on axial at least one end side of the main 
shaft so as to protrude outward of the outer surface 
of the casing. 

In this way, with the main shaft equipped with a 
protruding shaft that protrudes outward of the outer 

55 surface of the casing, the protruding shaft can be 
utilized as a power take-out shaft, so that the fluid 
pressure generating device can be available more 
widely. 
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Also, preferably, the protruding shaft and the 
cooling fan are coupled in the above arrangement. 

Then, it is possible to implement air cooling. 

Moreover, it is preferable that the casing is of 
closed structure, and that a fluid suction port that 
opens to an internal space of the casing is pro- 
vided on axial one end side relative to the motor 
which is contained in the casing while a suction 
port passage one end of which opens to the inter- 
nal space of the casing and the other end of which 
opens to a suction port of the valve plate is pro- 
vided on axial the other end side relative to the 
motor. 

With the above arrangement, the sucked fluid 
can be utilized to cool the motor and the pump. 

Further, it is preferable that the casing is of 
closed structure and is provided with a suction 
passage and a discharge passage communicating 
with a suction port and a discharge port, respec- 
tively, of the valve plate, and that a fluid inlet port 
and a fluid outlet port that open to an internal 
space of the casing and communicate with the fluid 
reservoir are provided on axial one side and axial 
the other side, respectively, relative to the motor 
which is contained in the casing, while fluid feed 
means for generating fluid flow from the fluid inlet 
port to the fluid outlet port is provided to the rotor 
and/or the cylinder block. 

With the above arrangement, a fluid flow of a 
system other than the suction passage system can 
be generated in the casing by the aforementioned 
fluid feed means provided to the motor and/or the 
cylinder block, so that the motor can be cooled. At 
the same time, fluid is sucked into the cylinders 
from the suction passage of the different system 
while the fluid that has served to cool the motor is 
not sucked. Thus, the disadvantage that contamina- 
tions such as wear chips are sucked at the time of 
motor cooling can be solved. Also, even if the 
piston actuator is adjusted to the neutral position, 
the motor cooling can be effected so far as the 
motor is driven. 

Further, it is preferable that a magnet is in- 
stalled within the casing. 

With such an arrangement, it is possible to 
attract any foreign matters such as wear chips by 
the magnet, so that the motor and the pump can 
be prevented from any performance deterioration 
and damage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a longitudinal sectional view showing a 
first embodiment of the fluid pressure generat- 
ing device according to the present invention; 
Fig. 2 is a longitudinal sectional view showing a 
second embodiment of the present invention; 



Fig. 3 is a transverse sectional view of the 
second embodiment of the present invention; 
Fig. 4 is a longitudinal sectional view showing a 
third embodiment of the present invention; 

5 Fig. 5 is a transverse sectional view of the third 
embodiment of the present invention; 
Fig. 6 is a longitudinal sectional view showing a 
fourth embodiment of the present invention; 
Fig. 7 is a longitudinal sectional view showing a 

10 fifth embodiment of the present invention; 

Fig. 8 is a longitudinal sectional view showing a 
sixth embodiment of the present invention; 
Fig. 9 is a longitudinal sectional view showing a 
seventh embodiment of the present invention; 

75 Fig. 10 is a sectional view taken along the line A 
- A of Fig. 9; 

Fig. 11 is a longitudinal sectional view showing 
an eighth embodiment of the present invention; 
and 

20 Fig. 12 is a longitudinal sectional view showing a 
prior-art example. 

BEST MODE FOR CARRYING OUT THE INVEN- 
TION 

25 

The first embodiment as shown in Fig. 1 illus- 
trates the basic structure of the invention device. 
The device comprises a barrel casing 1a and a pair 
of cover plates 1b, 1c, and has a motor 4, which 

30 comprises a stator 2 and a rotor 3, within an 
interna! space 1d of a casing 1 of closed structure. 
A fitting hole 3a is provided at the center of the 
rotor 3, to which fitting hole 3a a cylinder block 5 
which will be described below is press fitted. Be- 

35 sides, a main shaft 6 provided at the center of the 
cylinder block 5 is supported to the cover plates 
1b, 1c of the casing 1 via bearings 7, 8 formed, for 
example, of a needle bearing. In this way, the rotor 
3 is rotatably supported to the casing 1 via the 

40 cylinder block 5 and the main shaft 6. Further, a 
piston actuator 9 having an inclined surface 9a is 
provided on axia! one side of the cylinder block 5, 
while a valve plate 10 having a suction port and a 
discharge port both of kidney-shaped, which com- 

45 municate with a suction passage and a discharge 
passage, respectively, is provided on the other side 
of the cylinder block 5. 

The cover plates 1b, 1c of the casing 1 are 
provided at its center with a protrusion that pro- 

50 trudes into the internal space 1d. To the protrusion 
portion of the cover plate 1b, the bearing 7 is 
provided at its center. To sandwich this bearing 7, 
the suction passage and the discharge passage are 
provided on radial opposite sides of the cover plate 

55 1b. Further, the valve plate 10 is attached inside 
the protrusion via a fixing pin 11. Meanwhile to the 
protrusion of the cover plate 1c, the bearing 8 is 
provided at its center, and the piston actuator 9 is 
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attached its inside via a fixing screw 1 2. 

It is to be noted that only the suction passage 
is shown by dotted line and denoted by numeral 13 
in Fig. 1, but the discharge passage also is formed 
in the same way as the suction passage 1 3. 

The cylinder block 5 is formed of members 
other than of the main shaft 6 and is of a cylindrical 
shape having a shaft hole 14 at its center. The wall 
thickness portion of the cylinder block 5 is pro- 
vided with a plurality of cylinders 15, into each of 
which cylinders 15 a piston 16 having a spherical 
head portion 16a on its one side is slidably fitted. 
One side of each cylinder 15 is closed by the 
piston 16, while the other side thereof, i.e. its 
counter-piston side is open. To this open side, a 
kidney-shaped port 17 is formed so as to oppose 
the valve plate 10. The sectional area of this kid- 
ney-shaped port 17 is smaller than that of the 
cylinders 1 5. 

Also, the cylinder block 5 comprises a piston 
stroke portion 5a through which the pistons 16 
reciprocate, i.e. which defines the cylinders 15 and 
contains the pistons 16 so as to allow the pistons 
16 to be slidable, and an extended portion 5b 
which is extended axially with respect to the piston 
stroke portion 5a and which has a passage 18 
communicating with the cylinders 15. The axial 
length of the cylinder block 5 is approximately 
equal to the axial length of the rotor 3. The kidney- 
shaped port 17 is provided on the open side of the 
aforementioned passage 18 of the extended portion 
5b. 

Further, in the cylinder block 5 of the embodi- 
ment shown in Fig. 1 , on the outer periphery of the 
counter-piston side end of the extended portion 5b 
is provided a stopper portion 19 having a diameter 
larger than the outer diameter of the cylinder block 
5. The outer diameter of the piston stroke portion 
5a is smaller than the outer diameter of the ex- 
tended portion 5b, so that the cylinder block 5 is 
press fitted into the fitting hole 3a of the rotor 3 at 
the extended portion 5b so as to be coupled with 
each other. In this case, the piston stroke portion 
5a will never be affected by the press fitting, so 
that the cylinders 15 can be reduced in distortion 
due to press fitting, advantageously. 

Further, the main shaft 6, which is formed 
independently of the cylinder block 5, is provided 
with sliding bearings 20, 21 , via which sliding bear- 
ings 20, 21 the cylinder block 5 and the main shaft 
6 are coupled with each other so as to be movable 
relative to each other in the axial direction. Be- 
sides, the sliding bearing 21 is positioned outside 
the cylinder open end face 5c on the piston ac- 
tuator side, i.e. on the side to be closed by the 
pistons 16, of the cylinder block 5, i.e. positioned 
on the piston actuator side. At the same time, the 
cylinder block 5 is provided with a cylindrical por- 



tion 5e that protrudes on the piston actuator side 
closer thereto than the open end face 5c. The 
cylinder block 5 is supported via the cylindrical 
portion 5e by the sliding bearing 21 being located 

5 at the cylindrical portion 5e. Thus, a radial compo- 
nent of the force that acts on the pistons 16 as a 
reaction force of the liquid pressure thereof from 
the inclined surface 9a of the piston actuator 9 is 
received, so that this radial component is pre- 

10 vented from acting to tilt the cylinder block 5. 

Further, since the kidney-shaped port with its 
section area smaller than that of the cylinders 15 is 
provided, the cylinder block 5 is forcedly pressed 
against the valve plate 10 by internal pressure of 

is the cylinders 15, so that the cylinder block 5 is 
prevented from tiltedly rotating. 

In this way, since the cylinder block 5 will not 
tiltedly rotate, the rotor 3 will not tilt either so that 
its gap to the stator 2 becomes uniform, with 

20 rotating force and magnetic attracting force bal- 
anced. Besides, the alignment action by the liquid 
film present in the gap is also balanced, so that 
rotation of the rotor 3 and the cylinder block 5 
becomes stable. As a result, noise and vibration 

25 can be reduced. Further, since the cylinder block 5 
will never tilt, it will have no clearance to the sliding 
surface with the valve plate 10, causing no leak. As 
a result, its capacity efficiency will not lower, and 
neither wear due to local contacts will occur. 

30 At the head portions 16a of the pistons 16, 
shoes 22 having a sliding surface for sliding move- 
ment on the inclined surface 9a of the piston ac- 
tuator 9 are retained. Each shoe 22 is retained by a 
retainer 23. With an engaged portion 24 provided 

35 at the center of the retainer 23 and having a 
spherical inner surface, an annular engaging por- 
tion 25 provided to the main shaft 6 and having a 
spherical outer surface is engaged so as to be 
rotatable relative thereto. At the shaft hole 14 of the 

40 cylinder block 5, a large-diameter portion is pro- 
vided on its side of the extended portion 5b. In an 
annular space 26 formed between the inner periph- 
eral surface of the large-diameter portion and the 
outer peripheral surface of the main shaft 6, an 

45 elastic member 27 comprised of a coil spring is 
provided. One lengthwise end side of the elastic 
member 27 is engaged with the cylinder block 5 
via a spring holder 28 and a stop ring 29. The 
other end side of the elastic member 27 is en- 

50 gaged with the stepped portion of the main shaft 6 
via a spring holder 30. The cylinder block 5 is 
pressed against the valve plate 10, while the shoes 
22 are pressed against the inclined surface 9a of 
the piston actuator 9 via the main shaft 6, the 

55 engaging portion 25, and the retainer 23, so that 
the cylinder block 5 will not be moved away from 
the valve plate 10, or that the shoes 22 will not be 
moved away from the inclined surface 9a. 
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In addition, referring to Fig. 1, reference nu- 
meral 31 denotes an O-ring, 32 denotes a pull-out 
hole for pulling out a lead wire from an coil end 2a 
of the stator 2, and a terminal panel (not shown) is 
installed close to the pull-out hole 32. 

Further, reference numeral 33 denotes a hex- 
agonal socket head plug to be provided to the 
cover plate 1b, 34 denotes an accommodating 
space of the coil end 2a to be formed around the 
protrusion of the cover plates 1b, 1c. The accom- 
modating space 34 has an opposing inner surface 
opposed to the coil end 2a. An annular magnet 35 
is mounted to the opposing inner surface 34a so as 
to oppose the coil end 2a, so that foreign matters 
such as wear chips floating in the internal space 1d 
of the casing 1 are attracted and thus prevented 
from sticking to the coil end 2a. 

Next explained is operation of the embodiment 
as shown in Fig. 1. With the coil of the stator 2 
powered, the rotor 3 rotates while the cylinder 
block 5 secured to the rotor 3 rotates on the main 
shaft 6 via the sliding bearings 20, 21. 

When this occurs, there are some cases in 
which the main shaft 6 is held stationary, but in 
many cases it rotates together with the cylinder 
block 5 due to the intervention of the bearings 7, 8. 

Then, the rotation of the cylinder block 5 
causes the pistons 16 to rotate while sliding on the 
inclined surface 9a of the piston actuator 9 via the 
shoes 22. This rotation makes the pistons 16 recip- 
rocate within the cylinders 15. Forward movement 
of this reciprocation causes the fluid to be sucked 
into the cylinders 15 from the kidney-shaped port 
17 via the suction passage 13 and the suction port 
of the valve plate 10 (not shown). Return move- 
ment of the reciprocation pressurizes the sucked 
fluid, and the pressurized fluid is forcedly dis- 
charged to the discharge passage from the dis- 
charge port of the valve plate 10 (not shown) via 
the kidney-shaped port 17. This cycle will be repet- 
itively effected. 

In this cycle, the rotor 3 is supported to the 
main shaft 6 via the cylinder block 5 and the 
sliding bearings 20, 21. Thus, the axial center por- 
tion of the rotor 3 is supported by the cylinder 
block 5, so that the magnetic attracting force that 
acts on the rotor 3 is supported by the cylinder 
block 5 at the axial center portion of the fitting hole 
3a of the rotor 3. Accordingly, the gap between the 
rotor 3 and the stator 2 will not vary so that the 
rotation of the rotor 3 will be stable. Moreover, the 
radial component of the reaction force of the liquid 
pressure force that acts on the pistons 16 from the 
inclined surface 9a of the piston actuator 9 is 
received by the bearing 21 positioned on the piston 
actuator 9 side closer thereto than the cylinder 
open end face 5c, so that the cylinder block 5 and 
the rotor 3 are allowed to rotate with high stability 



without tilting. As a result, noise or vibration will not 
be generated. Also, the cylinder block 5 is fixedly 
fitted to the fitting hole 3a of the rotor 3, and the 
rotor 3 is rotatably supported to the bearings 7, 8 

5 provided to the casing 1 via the cylinder block 5 
and the main shaft 6. As a result, the bearing of the 
rotor 3 can be shared by the bearing structure of 
the cylinder block 5, so that the processing of 
assembling the cylinder block 5 to the rotor 3 can 

10 be easily done. 

Yet, in the embodiment of Fig. 1 , the end face 
of the cylinder block 5 on the valve plate 10 side is 
protruded from the end face of the rotor 3 on the 
valve plate 1 0 side, and the portion of the cylinder 

/s block 5 which portion protrudes from the fitting 
hole 3a of the rotor 3 toward the valve plate 10 is 
made larger in diameter than the fitting hole 3a. 
Thus, the sliding surface of the cylinder block 5 
with the valve plate 10 can be made larger, and 

20 area of the valve plate 1 0 can be also made larger. 
As a result, the sliding area of the valve plate 10 
can be enlarged so that the cylinder block 5 can be 
prevented from tiltedly rotating and from any leak. 
That is, the size of the valve plate 10 can be 

25 designed to any unrestricted one irrespectively of 
the size of the fitting hole 3a of the rotor .3, so that 
the pump performance can be improved accord- 
ingly. 

Further, the cylinder block 5 and the main shaft 

30 6 are coupled with each other so as to be movable 
each other in the axial direction via the sliding 
bearings 20, 21. Thus, only by using the one 
elastic member 27, it is made possible to press the 
cylinder block 5 against the valve plate 10 and to 

35 press the shoes 22 against the inclined surface 9a 
of the piston actuator 9 via the retainer 23 and the 
engaging portion 25. As a result, the pressing 
structure can be simplified, while the pressing can 
be made uniform. Also, because of the use of the 

40 single elastic member 27, the device construction 
becomes simple and spring fatigue can be les- 
sened and durability, can also be improved, com- 
pared with the case where each cylinder is inter- 
nally equipped with a spring. 

45 Next referring to Figs. 2 through 11, modifica- 
tions of the first embodiment shown in Fig. 1 will 
be described below. 

It is to be noted that in Figs. 2 through 11, like 
parts as in Fig. 1 are designated by like numerals, 

50 and that description of these parts is omitted and 
only differences will be described. 

A second embodiment of the invention, as 
shown in Figs. 2 and 3, is so arranged that instead 
of the piston actuator 9 that has been fixed in Fig. 

55 1, a swash plate 90 having a trunnion shaft 36 is 
used to provide a piston actuator, the inclination 
angle of the inclined surface 90a of the swash plate 
90 being made variable via the trunnion shaft 36. 
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The trunnion shaft 36 is rotatably supported to 
the cover plate 1c as shown in Fig. 3. Besides, on 
the rear side of the swash plate 90 are provided a 
spring 37 for biasing the swash plate 90 toward the 
maximum inclined angle direction and an operating 
plunger 38 for hydraulic control to adjust the swash 
plate 90 to the direction of the neutral position. 

A third embodiment of the invention as shown 
in Figs. 4 and 5 is so arranged that instead of the 
piston actuator 9 as shown in Fig. 1, a cradle type 
swash plate 91 having an arched surface on its rear 
side and also having an operating piece 39 is 
provided, wherein the inclination angle of the in- 
clined surface 91a of the swash plate 91 being 
made variable by means of the arched surface. 

The operating piece 39, extending toward the 
rear of the swash plate 91, has a spring 40 pro- 
vided on one side of its extended end portion for 
biasing the swash plate 91 toward the maximum 
inclination angle direction, and an operating plung- 
er 41 provided on the other side for hydraulic 
control to adjust the swash plate 91 to the direction 
of the neutral position. 

In the second and third embodiments as shown 
in Figs. 2 through 5, the axial center line O of the 
trunnion shaft 36 passes the center of the main 
shaft 6 or the rotational center 0 of the cradle type 
swash plate 91 is positioned at the axial center of 
the main shaft 6. Thus, the operability in adjusting 
the inclined angle of the swash plates 90, 91 by the 
operating plungers 38, 41 is improved. 

Also, in Figs. 2 and 3, the cylinder block 5 is 
protruded at its piston side outward of the end face 
of the rotor 3. In this case, the trunnion shaft 36 is 
provided outside the coil end 2a. Instead, it is also 
possible to provide the trunnion shaft 36 by utiliz- 
ing the radially inner space of the coil end 2a. 

In either case, by making the piston actuator 9 
variable in its inclination angle, capacity control of a 
fluid pressure generating device becomes possible 
and thus the device capable of capacity control can 
be obtained. In addition, in Figs. 3 and 5, numeral 
42 denotes the discharge passage and 10a and 
10b denote the kidney-shaped suction port and 
discharge port, respectively, provided to the valve 
plate 10. 

Next a fourth embodiment of the invention 
shown in Fig. 6 is described below. 

The fourth embodiment as shown in Fig. 6 is 
provided in the following construction. The main 
shaft 6, which is formed of a member other than of 
the cylinder block 5 and press fitted integrally 
therewith, is rotatably supported to the casing 1 via 
the bearings 7, 8. The engaging portion 25 to be 
relatively rotatably engaged with the retainer 23 is 
provided to the main shaft 6 so as to be movable 
in the axial direction. The cylinder block 5 is pro- 
vided with a plurality (e.g. three) of pushing pins 43 



that pass through the cylinder block 5 from an 
annular space 26 formed between the shaft hole 14 
of the cylinder block 5 and the outer peripheral 
surface of the main shaft 6 and that extend toward 

5 the engaging portion 25. The annular space 26 is 
provided with an elastic member 27 comprised of a 
coil spring as in the first embodiment. The cylinder 
block 5 is pressed against the valve plate 10 via 
the elastic member 27 and the pushing pins 43 

w while the shoes 22 are pressed against the inclined 
surface 9a of the piston actuator 9 via the pushing 
pins 43 and the retainer 23. Thus, the cylinder 
block 5 will not be moved away from the valve 
plate 10 or the shoes 22 will not be moved from 

75 the inclined surface 9a. 

When the main shaft 6 and the cylinder block 5 
are press fitted to each other integrally as de- 
scribed above, there will be no need for clearances 
at the sliding bearings 20, 21, compared with the 

20 case where the main shaft 6 and the cylinder block 
5 are coupled with each other via sliding bearings 
20, 21 as in the first: embodiment. Instead, rota- 
tional clearances at the bearings 7, 8 are only 
required, so that the inclination of the cylinder 

25 block 5 and therefore the inclination of the rotor 3 
can be lessened. Accordingly, the accuracy of the 
device can be improved. 

Also, the fifth embodiment as shown in Fig. 7 
is such that the cylinder block 5 and the main shaft 

30 6 are formed integrally with each other. 

More specifically, a left-hand main shaft 51 and 
a right-hand main shaft 52 are integrally protrudin- 
gly formed from axial both end faces of the cyl- 
inder block 5. In this arrangement, the pressing of 

35 the cylinder block 5 against the valve plate 10 and 
the pressing of the shoes 22 against the inclined 
surface 9a are implemented in the following way. 
That is, an elastic member 53 comprised of a coil 
spring is provided within each cylinder 15. One end 

40 side of the elastic member 53 is engaged with a 
stepped portion forming the kidney-shaped port 17 
while the other end side is engaged with the rear 
side of the pistons 16, so that the cylinder block 5 
is pressed against the valve plate 10 and that the 

45 shoes 22 are pressed against the inclined surface 
9a. 

In this way the main shaft 6 is formed integrally 
with the cylinder block 5, whereby the main shaft 6 
does not need to be provided separately. Thus, the 

so number of part items can be reduced in proportion 
thereto, the assemblability can be improved, and 
the accuracy of the device can be improved. 

Also, the sixth embodiment as shown in Fig. 8 
is in such a structure that the main shaft 6 of the 

55 fourth embodiment as shown in Fig. 6 is protruded 
outward of the cover plate 1c of the casing 1, and 
that this protruding shaft 54 is made to serve as 
the power take-out shaft (PTO shaft). In this sixth 
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embodiment, a cooling fan 55 is coupled with the 
protruding shaft 54. 

In this way, the provision of the protruding 
shaft 54 allows the coupling of the cooling fan 55, 
or although not shown in the drawings, the coupling 
of an auxiliary pump, so that the device can be 
widened in availability. Further, the coupling of the 
cooling fan 55 realizes air cooling of the casing 1 . 

In addition, in providing the protruding shaft 54, 
it may be located at the right-hand main shaft 52 of 
the fifth embodiment as shown in Fig. 7, without 
being limited to the location at the main shaft 6 as 
shown in the fourth embodiment of Fig. 6. Further, 
although not shown, the sliding bearings 20, 21 of 
the first embodiment as shown in Fig. 1 may be 
replaced with spline coupling, in which case the 
protruding shaft 54 is provided to the main shaft 6 
that is spline coupled with the cylinder block 5. 

Furthermore, a seventh embodiment of the in- 
vention as shown in Fig. 9 is such that fluid is 
sucked into the internal space 1d of the casing 1 of 
closed structure, so that the motor 4 can be cool- 
ed. A fluid inlet port 56 that opens to the internal 
space 1d is provided on axial one side relative to 
the motor 4 contained in the casing 1, i.e. provided 
to the cover plate 1c. This inlet port 56 is con- 
nected with a suction tube 58 communicating with 
a fluid reservoir 57. Besides, on axial the other side 
relative to the motor 4, i.e. to the cover plate 1b, 
there is provided a suction passage 59 one end of 
which opens to the internal space 1d and the other 
end of which opens to the suction port 10a of the 
valve plate 10. Then, by the reciprocating move- 
ment of the pistons 16 driven by the motor 4, the 
fluid in the fluid reservoir 57 is first sucked to one 
side of the internal space 1d from the inlet port 56, 
and flowed from the one side toward the other side 
of the internal space 1d through the gap between 
the stator 2 and the rotor 3 as well as the gap 
between a core cut 2b provided to the outer pe- 
ripheral surface of the stator 2 and the inner pe- 
ripheral surface of the barrel casing 1a. In this way 
the motor 4 is cooled and the fluid that has served 
for motor cooling is sucked into the cylinders 15 
from the suction passage 59 through the suction 
port 10a. 

In this case, since the motor cooling can be 
done by making use of the sucked fluid, a special 
arrangement for motor cooling is not required, so 
that the device construction can be simplified ac- 
cordingly to an advantage. 

In addition, as shown in Fig. 10 in the embodi- 
ment of Fig. 9, a fluid distribution groove 60 may 
be provided to the barrel casing 1a. 

Further, the eighth embodiment as shown in 
Fig. 11 is so arranged to implement the motor 
cooling by fluid, as in the seventh embodiment. 
However, a difference exists in that separately of 



the suction and discharge system for sucking and 
discharging the fluid into and from the cylinders 15, 
a fluid distribution system is provided exclusively 
for use of cooling. This eighth embodiment, like the 

s first embodiment shown in Fig. 1, is such that the 
suction passage 13 and the discharge passage are 
provided to the cover plate 1b so as to commu- 
nicate with the suction port and the discharge port, 
respectively, of the valve plate 10 and that a fluid 

io inlet port 61 and a fluid outlet port 62 are provided 
to the cover plates 1b, 1c so as to open to the 
internal space 1d. These inlet port 61 and outlet 
port 62 are made to communicate with the fluid 
reservoir 57 via a suction tube 63 and a discharge 

75 tube 64, respectively. Besides, the rotor 3 is pro- 
vided with an oblique hole 65 for generating fluid 
flow from the inlet port 61 to the outlet port 62. 

When the fluid distribution system exclusively 
for cooling is provided independently of the suction 

20 and discharge system, wear chips, if generated by 
the drive of the motor 4, would not be mixed into 
the suction and discharge system. Thus, such a 
disadvantage can be avoided that wear chips are 
sucked into the cylinders 15 to adversely affect the 

25 sliding movement of the pistons 16. Also, with the 
inclination angle variable, as shown in Figs. 2 
through 5, the motor cooling can be effected only if 
the motor is driven, even at the neutral position of 
the swash plate. 

30 In the above arrangement, the oblique hole 65 
is to form the fluid feed means for serving as a 
pump that feeds fluid from the inlet port 61 side 
toward the outlet port 62 side by centrifugal force 
due to rotation of the rotor 3. Thus, the oblique 

35 hole 65, which has been provided to the rotor 3 in 
the above embodiment, may also provided to the 
cylinder block 5, or between them. 

Embodiments described hereinabove are typi- 
cal ones and they may be combined with one 

40 another. Also, although the bearings 7, 8 of the 
main shaft 6 in the above embodiments have been 
provided to the cover plates 1b, 1c in all cases, 
they may instead be provided to a member fixed to 
the cover plates 1b, 1c, i.e. a stationary member 

45 including the casing 1 so as to support the main 
shaft 6. 

In addition, although the fluid in the above 
description is oil, the invention is also applicable to 
liquids other than oil. 

50 

INDUSTRIAL APPLICABILITY 

The fluid pressure generating device of the 
present invention is used for hydraulic systems 
55 such as of machine tools, vehicles, and construc- 
tion machines. 
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Claims 

1. A fluid pressure generating device comprising: 
a casing (1); 

a motor (4) contained in the casing (1) and 
provided with a rotor (3) having a fitting hole 
(3a) at its center; 

a cylinder block (5) having a main shaft (6) 
at its center and a plurality of cylinders (1 5) on 
its outer peripheral portion, wherein pistons 
(16) are slidably fitted in said cylinders (15), 
each piston having a head portion (16a) on one 
side of the cylinders (15), and the cylinder 
block further having ports (17) with a sectional 
area smaller than the sectional area of the 
cylinders (15) on the other side of the cyl- 
inders opposite to the pistons; 

a piston actuator (9) arranged opposite to 
the head portions (16a) and having an inclined 
surface (9a) on which the head portions (16a) 
or shoes (22) retained by the head portions 
(16a) will slide; and 

a valve plate (10) arranged opposite to one 
end of the cylinder block (5) opposite to the 
piston side and having a suction port and a 
discharge port communicating with a suction 
passage and a discharge passage, respective- 
ly; 

wherein the cylinder block (5) is fixedly 
fitted to the fitting hole (3a) of the rotor (3) and 
the main shaft (6) is supported to a stationary 
member including the casing (1), so that the 
rotor (3) is rotatably supported to the stationary 
member via the cylinder block (5) and the 
main shaft (6). 



other than of the cylinder block (5), a support- 
ing position for supporting the cylinder block 
(5) is on the piston actuator side closer thereto 
than a piston-actuator-side cylinder open end 

5 face (5c) of the cylinder block (5), while the 

cylinder block (5) is provided with a cylindrical 
portion (5e) protruding toward the piston ac- 
tuator closer thereto than the open end face 
(5c), the cylindrical portion (5e) being sup- 

w ported to the main shaft (6). 

4. A fluid pressure generating device as claimed 
in claim 1, wherein one end face of the cyl- 
inder block (5) on the valve plate (10) side is 

75 protruded outward of an open end face of the 

fitting hole (3a) of the rotor (3). 

5. A fluid pressure generating device as claimed 
in claim 1, wherein the cylinder block (5) com- 

20 prises a piston stroke portion (5a) having a 

plurality of cylinders (15) containing a piston 
(16), and an extended portion (5b) extended in 
the axial direction with respect to the piston 
stroke portion (5a) and having a passage (18) 

25 communicating with the cylinders (15), and 

wherein the cylinder block (5) is fixedly press 
fitted to the fitting hole (3a) of the rotor (3) only 
at the extended portion (5b). 

30 6. A fluid pressure generating device as claimed 
in claim 1, wherein the piston actuator (9) 
comprises a swash plate (90) having a trunnion 
shaft (36) and inclination angle of an inclined 
surface (90a) of the swash plate (90) is variable 

35 by rotation of the trunnion shaft (36). 



2. A fluid pressure generating device as claimed 
in claim 1, wherein the cylinder block (5) and 
the main shaft (6) are formed of different mem- 
bers and coupled with each other so as to be 40 
movable relative to each other in the axial 
direction via sliding bearings (20, 21), the 
shoes (22) retained by the head portions (16a) 

of the pistons (16) are provided with a retainer 
(23), the main shaft (6) is provided with an 45 
engaging portion (25) for engagement with the 
retainer (23) in relatively rotatable manner, and 
wherein an elastic member (27) for pressing 
the cylinder block (5) against the valve plate 
(10) and pressing the shoes (22) against the 50 
inclined surface (9a) of the piston actuator (9) 
via the main shaft (6) and the retainer (23) is 
provided between the cylinder block (5) and 
the main shaft (6). 

55 

3. A fluid pressure generating device as claimed 
in claim 1, wherein the cylinder block (5) is 
supported to the main shaft (6) of a member 



7. A fluid pressure generating device as claimed 
in claim 1, wherein the piston actuator (9) 
comprises a cradle type swash plate (91) hav- 
ing an arched surface on its rear side and an 
operating piece (39) and wherein inclination 
angle of an inclined surface (91a) of the swash 
plate (91) is variable by swinging along the 
arched surface of the swash plate (91 ). 

8. A fluid pressure generating device as claimed 
in claim 1 , wherein the cylinder block (5) and 
the main shaft (6) are fixedly fitted to each 
other, the main shaft (6) is rotatably supported 
to a stationary member, the shoes (22) re- 
tained by the head portions (16a) of the pis- 
tons (16) are provided with a retainer (23), the 
main shaft (6) is axially movably provided with 
an engaging portion (25) for relatively rotatable 
engagement with the retainer (23), the cylinder 
block (5) is provided with a plurality of pushing 
pins (43) extending toward the engaging por- 
tion (25), and wherein an elastic member (27) 
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for pressing the cylinder block (5) against the 
valve plate (10) and pressing the pushing pins 
(43) so that the shoes (22) are pressed against 
the inclined surface (9a) of the piston actuator 
(9) is provided between the cylinder block (5) 
and the pushing pins (43). 

9. A fluid pressure generating device as claimed 
in claim 1, wherein the cylinder block (5) and 
the main shaft (6) are integrally formed, the 
main shaft (6) is rotatably supported to the 
stationary member, and wherein an elastic 
member (53) for pressing the cylinder block (5) 
against the valve plate (10) and pressing the 
head portions (16a) of the pistons (16) or the 
shoes (22) retained by the head portions (16a) 
against the inclined surface (9a) of the piston 
actuator (9) is provided between the cylinder 
block (5) and the pistons (16). 

10. A fluid pressure generating device as claimed 
in claim 1, wherein the main shaft (6) and the 
cylinder block (5) are formed integrally rotatab- 
ly, the main shaft (6) is rotatably supported to 
the stationary member and is provided with a 
protruding shaft (54) protruding outward of the 
outer surface of the casing (1) on axial at least 
one end side of the main shaft (6). 



inder block (5) is provided with fluid feed 
means for generating fluid flow from the fluid 
inlet port (61) to the fluid outlet port (62). 

14. A fluid pressure generating device as claimed 
in claim 1, wherein a magnet (35) is installed 
within the casing (1). 



w 
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11. A fluid pressure generating device as claimed 
in claim 10, wherein the protruding shaft (54) is 
coupled with a cooling fan (55). 



30 



12. A fluid pressure generating device as claimed 

in claim 1, wherein the casing (1) is of closed 35 
structure, a fluid inlet port (56) that opens to an 
internal space (1d) of the casing (1) is provided 
on axial one side relative to the motor (4) 
which is contained in the casing (1), and a 
suction passage (59) one end of which opens 40 
to the internal space (1d) of the casing (1) and 
the other end of which opens to a suction port 
(10a) of the valve plate (10) is provided on 
axial the other side relative to the motor (4). 

45 

13. A fluid pressure generating device as claimed 
in claim 1, wherein the casing (1) is of closed 
structure, the casing (1) is provided with a 
suction passage and a discharge passage 
communicating with a suction port and a dis- so 
charge port, respectively, of the valve plate 
(10), a fluid inlet port (61) and a fluid outlet 

port (62) that open to an internal space (1d) of 
the casing (1) and that communicate with a 
fluid reservoir (57) are provided on axial one 55 
and the other sides, respectively, relative to 
the motor (4) which is contained in the casing 
(1), and wherein the rotor (3) and/or the cyl- 
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